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AX INRVESTIGATION CF 0.15-CHORD AILERONS ON
A LOW-DRAG TAPERED WING AT HIGH SPZEDS

By Edmund V. Lailtone
SUMMARY

Tests of 0.lH-wing-chord, internally balanced ailerons
on a low-drag tapered wing were made at Mach numbers up to
0.75. The corresponding Reynolds number ranre was from
5,000,000 to 13,800,000. Both a normal-profile and a beveled,
tralling-edge alleron were tested without a seal and with a
partial seal. In addition to the usual aileron characteris-
tice, the pitching-moment increments due to the alleron de-
flections were measured in order that the effect of Mach
number on the aileron reversal speed could be estimated.

No severe compressibilitv effects were encounterod until
a Mach number of 0.725 was exceeded., The rolling-moment
coefflclent was found to lncrease Mach number at a rate
much less than that given by 1/ ,/1-M3, The data indicated a
tendency toward overbelance of the hinge moment of balanced
allerons as the speed lncreased.

INTRODUCTION

The high maneuverability requlred of modern pursuit alr-
planes, together with thelr large size and high speed, makes
close balancing of the alleron hinge moments imperative. It
has been found that compressibllity effects msay radically
change the alleron charactoeristics at high smneeds. Frequently
allerons which are closely balanced from tests at low speeds
become overbalanced at high speeds. At mnresent there 1s no
reliable procedure for making allowance for the effects of
compresslbllity on the alleron characteristics other than in-
creasing the rolling moment by the factor 1/ ,/1-M® 1in which
M 1s Mach number. The tests described in this report were
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made to 1nvéétigate the bdehavior at high Mach numbers of

-repreosentative internally balanced ailerons on a low-drag
tapered wing.

APPARATUS AND METHODS

The model used for thece tests was a semispan, low-
drag (NAOA 66~series profile) tapered wing (fig. 15 goomet-
rically simllar to the one uged for the tests reported in
reference 1. The model was mounted in the 1l6-foot wind tun-
nel of the Ames Aeronautical Laboratory, Moffett Fleld,
Calif., with the root chord parallel to the tunnel wall
(fig. 2). The wing spar and alleron shaft extended through
the tunnel wall, A single support strut was attached at the

0.75-chord point adjacent to the inboard end of the alleron
(figs. 2 and 3),

The wing surfaces were smooth except during the tests
for which the description "roughnese at 0.10c¢" is used. ZYor
this condition, a 3/8-inch-wide strip of No, 100 carborundum
particles was applied a% the 0.10-wing-chord line along the
entlre span of the upper and lower surfaces.

The alleron chord aft of the hinge line was 0.15 of the
wing chord. The alleron span was 0.41 of the wing semlspan,
and the inboard end of the aileron was at the midpoint of the
wing eemispan (fig. 1). The normal-profile alileron had the
same profile as the low-drag wing section and a nose~balance
chord of 0.60 of the aileron chord (fig. 4). The beveled
alleron had a thiocokened and beveled tralling-edge portion and
a nose-balanceé. chord of 0.43 of the alleron chord (fig. 5).
The variation from the normal proflle ended abruptly at the
inboard end of the alleron dbut, at the outboard end, was
falred into the wing tip.

Both allerons were tested unsealed and partially sealed
with normal cover plates (figs. 4 and 6). In addition, the
partially sealed normal-profile alleron was tested with a
shorter cover plate (fig. 4). The partial seal of thin
eheet rubber extended along the entire 1/4-1nch nose gap and
was continued across the small c¢learance gap at the.outboard
end. The inboard end of the alleron was unsealed because
the orifice tubing prevented the use of an end seal (fig. 3).

The area of the vent gap between the aileron and the
normal cover plate was 0.047 square foot. The leakage area
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for the partially sealed normal-profile aileron was approxi-
mately 53 percent of that vent area, b1 percent at the in-
board end, and 2 percent aroind tho supports for the cover
plate near the hinge line. The leakage area for the beveled
alleron was 32 percent of the vent area, all at the inboard
end, elnce the r educed overhang of the cover plate eliminated
the necesslty for additional support.

The tests were made through a Mach number range of 0.188
to 0.76, with a corresponding Reynolds number range of
5,000,000 to 13,800,000 based on a mean aerodynamic chord of
3.84 feot (fig. 6). The aileron angles varied from 15° to
~16° by 249 increments. For all the high-speed tests, angles
of attack (table I) were selected to correspond to wing 1lift

coefflclents of ~0.1, 0.1, and 0.3 at each Mach number with
goero alleron deflection.

STYMBOLS

The symbols used in the presentation of the results are
defined as follows:

A aspeect ratio
Cr, 1lift coefficient, L/q§,
Cp drag coefficlent, D/gS,

Gmc/4 ritching-moment coefficient, M'/q (M.A.C.) S,
0; rolling-moment coefflciont, L'/qbSy
Cn yawlng-moment coefficient, N'/qb8y
—3
Cy, alleron hinge-moment coefficient, Hg/qbgc,
c wing chord

Ca alleron chord measured along airfoil chord 1line from
hinge line of ailleron to tralling edge of alrfoll

Ca root-mean-asquare chord of the alleron aft of hinge line

b twlce span of the semispan model



NACA ACR No. 4I28 4

bg eileron span

Sy fwic;_area of tﬂe-ﬁéiiéigﬁ-mOAel

L twice uncorrected 1ift of semispan model
D twlce uncorrected drag of semispan model

M! twice uncorrected pitching moment (about 1/4c of M.A,.C.)
of semlspan model

L uncorrected rolling moment, due to alleron deflection,
about longitudinal wind axis in plane of symmetry

w uncorrected yawing moment, due to alleron deflection,
about normal wind axis in plane of symmetry

Hy uncorrected moment of ailleron about hinge axls

a3
q dynamic pressure of the air stream, 1/2pV , corrected
for tunnel constriction and strut interference

M Mach number corrected for tunnel constriction and strut
Interierence

a uncorrected angle of attack, degrees

8a alleron deflection relative to wing, degrees; positive
when tralllng edge 1s down

Aa mean change in angle of attack induced by the roiling
velooclty

damping-moment cosfficlent, rate of change of rolling-
moment coefficient O; with pb/av

_oC,

2 (22)
BB tangent of wing-tip hellx angle in roll
v true alirspeed, feet per second

ALY indlcated airspeed, feet per second

P rate of roll 1n flight, radlans per seecond
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(ac a
da
/9Cn
&au Ba

<?°H\
CLIVA

a0k \

dsa/p

s pressure coefficlent, (H-pi)/q-
"""H ~--total pressure
P1 local pressure on wing
AP coefficloent of pressure difference aoro.; seal,

pressure below seal - pressure above ieal

Q

supper'slower

parameters for allaron effectiveners are ag follows:

rate of change of 11ft coefficiont with angle of
attack, for a constant alleron deflection, degrees

rate of change of rolling-moment nosfficlent with

alleron deflection,for & const.ant angle of attack,
degrees

rate of change of rolling-moment coefficient (pro-
duced by the cconstant aileron deflection §g)
with angle of attack, degress

rate of change of hinge-moment cnefficlent wlth angle
of attack, for a constant alles on deflection,
degroes

rate of change of hlnge-moment cnefficlent with

alleron deflection, for a cons .ant angle of attac!z,
degrees

rate of change of hinge-moment ciefficlent wilth

alleron deflection, during steady roll with egual
up~ and down-alleron deflectlions, degrees

RESULTS AND DISCUSSION

Reduction of Data

The data preesnted are based on the ccumplete wing dimen-’
slons (fig. 1), and all of the data, except those showing the
setlck-force variation with pb/3V, represe:rt the forces and
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moments on the complete wing, assuming that only one alleron
was deflected. None of the force data were corrected for
etrut interference or tunnel-wall effects. OConsequently, the
magnitude of the rolling-moment coefficlent is approximately
10 percent too large. However, the correctlion for the angle
of attack would have been nearly zero.

The dynamic pressures and Mach numbers were approximately
corrected for tunnel-constrictlion effects and strut lnterfer~
ence, Thie was accomplished by means of a velocity survey of
the flow about the support strut with the wing removed and by
determining (by an unpubliehed theoretical method) the con-
striction correctlon through the assumption of two-dimensional
flow over the sectlion of the wing contalning the pressure ori-
fices (fig. 1). The correction to the dynamic pressure for
constrictlion by the model was less than 3 percent at the hlgh-
er speeds and the corresponding Mach number correction was 2
percent, These constriction corrections are applicable only
for speeds below that for the critical Mach number of the
wing. The Mach number values gliven for speeds above the crit-
1cal are probably a little low.

Variation of Lift

) At all speeds the wing-alone tests, made with the allor-
on gaps sgoaled and falred smooth with putty, gave the same
11ft as obtained with the partially sealed normal-proflle
alleron (fig. 7). The angles of attack from the wing-alone
tests (flg., 7) were used as representative of the character=-
1astices for the particular 1lift coefficlents (-0.1, 0.1, 0.3)
presented for all the tests and results.

Static Characterlisticse of the Allerons

FPigures 8 to 26 present the variation of rolling-moment,
hinge-moment, and yawing-moment coeffleclents wlith alleron de-
flection for each of the types tested. As an indlcatlon of
the general scatter of the test points, the rolling-moment
and hinge~-moment coefficienga are plotted in filgure 26 for
an alleron deflection of 10 and an angle of attack correspond-
ing to a 11ft coefficient of 0.1 in terms of Mach number.

In order to determine the optimum rolling moment avail-
able from a oompletelg sealed aileron, the normal-profile
alleron was set at 10° and all the aileron gaps were sealed
and faired smooth with putty. Tigure 26 shows that at all
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speeds the rolling moment obtained was practlcally the same
as that produced by the same alleron when partlally sealed.
Consequently, the rolling momente for the partially sealed,
normal-profile alleron may be used as a basis for compari-
son. Addltional tests showed that a further reduction in
the nose seal decreased the rolling momsnt.

Flgures 8, 11, 17, and 20 ghow that in most instances
the effect of increseing Mach number with the smooth wing
surfaces was to lncrease elightly the rolling-moment ococeffi-
clent produced by these allerone, although the increase was
not unlform and was generally much less than that predicted
by the factor 1A 1=-M®, The rolling-moment coefficient gen~
erally reached a maximum at a Mach number of 0.7 and de-~
creased abruptly for Mach numbers greater than 0.725.

Although the unsealed beveled alleron was closely balw-
anced for small deflectlions at low speeds (fig. 18), for
large deflections the hinge moments were practically as great
as for the partially sealed normal-profile aileron. Also,
figure 18 shows an undeslirable tendency of the closs balance
at low spesads to becoma an overbalance as the Nach numbsr
increasee. The addition of the partial seal produced an
even greater overbalance at high speeds (fig. 21).

The roughness at 0.10 chord on the wing decresased the
variatlion of hinge-moment coefficlent with speed (fig. 24).
However, thils does not necessarily mean that the varlatlon
in hinge-moment coefficient with Mach number for the smooth
model was entirely due to the forward movement of transition.
The effect of the roughness, in general, reduces the varie-
tion of all the wing characteristice with Mach number. Also,
the drag measurements indicated there was no appreciable
movement of the transition point until the compressibllity
effects became predominant at Mach numbers above the critical,

The leakage at the inboard end of all the partially
sealed allerons probably increased ths hinge moments and re-
duced the alleron-~deflectlion range over which (30y/38,),
remalined constant. (See reference 2.) However, as previously
noted, thlis leakage was not large enough to change the roll-
ing moment appreciadly (fig. 26).

Alleron Control Characteristice

Yigures 27 and 28 present the parameters whieh are
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requlired to determine the hinge .moment occurring during roll
with- small--deflectlions of the partially sealed, normal-profile
alleron. All the parameters were obtainod for the region of
0° glleron deflection and 0° angle of attack. In addition,

the theorotical valuo of ( ‘)53 gﬁi—=-57 3 (A + ;)
f

compared with the experimental value ig. 37). It 18 seen
that for emall alleron deflecflons at low angles of attack
the effect of an increase in speed 1s to ilncrease slightly
(ao;/as)m and decrease conslderably the magnitude of

(9Cp/%8),. When the Mach number exceeds 0.7235, both parame-

ters are abruptly changed. In the appendix 1t 1s shown that
the actual rate of change of hinge-moment cosfficlent during
steady roll, with equal up-~ and down-alleron deflections, 1is

given by
> gc ) 1 (a 1) ( >
ddg 8a/a 8a 8a

for the airplane characterletics presented 1n table I. Oon-
gequoently, figuree 27 and 28 show that an increase of Mach
number up to 0.7 will decrease the hlinge-moment coefficilent
during roll, For example, an increase of Mach number fron

0.3 to 0.7 would change (dCn/d8a)p from -0.00186 to
~0.00096, equivalent to a decrease in hinge-momont coefficlent
of 48 percent. If the rolling veloclty were neglecte., the
paramoter (90y/084), alone would determine tho hingo-moment

coefflcient and, for the same Mach number increase, 1ts valuse’
would change from -0,00227 to -0.00182, indlcaetlng only a
20-percent decrease of hinge-moment coefficient However,
slnce (aoh/am)ga varles conslderably wlth angle of attack

(fig. 29), the foregolng statements are true only for small
alleron deflections (i.e., for rolling velocities such that
Ac, the mean change 1n angle of attack induced by the roll-
ing veloclty, remains near 0°). Consequently, when the data
are avallable, cross plots similar to figure 29 should be

made and the effect of roll upon hinge moment should pe found
directly from them. The variation of Aa, as computed from
table I and a cross plot from figure 11 for the rolling-moment
varlation wlith angle of attack,also 1s shown in figure 239..

Figures 30 and 31 present the alleron control character-
istice corrected for the rolling veloclty and for differences
between the wind-tunnel and Fflight data. These alleron
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control characteristics, in the form of stick force required
to produce a gziven pb/3V, were computed for the character-
iptics shown in table I, which-are esdentlally the same as
tnose used 1n reference 1. Tke value of 0.55 for the dampiling-
moment coefflclent at small 1ift coefficlents was used in
reforence 1 to correect for the differences (including a
tunnel-wall correotion of approximately 10 percent, the effect
of elasticity in the wing-alleron system, and the reduced ra-
sponfe due to sideslip) between the wind-tunnel data and ac-
tual rolling moment avallabdle in fllght. The same value of
the damping-moment coefflclent wase used in thils report, since
the low~speed rolling-moment curves obtalned with the partial
seal agreed cloegely with those gilven 1n reference 1. The

mean change 1in angle of attack induced by the rolling veloe-
ity Aa, as given by the equation in table I, was assumed to
be trhe change at a point 0.10 of the alleron span from the
inboard end. (See reference 3.) The rolling-moment and
hinge-moment coefflclents, for equal up- and down-alleron
deflectlons, were corrected for rolling veloclty by using the
coefficlunts corresponding to the mean angle of attack occur-~
ring during roll (e.g., nree fig. 29). PFigure 30 1s for a
Mach number of 0.7 and a 1lift coefficlent of 0.1, with a
dynamic pressure of 337 pounds per square foot (tadle I).
These conaitione corresvond to flight at an altitude of 19,900
feet with a true airrpeed of 4926 miles per hour and an indl-
cated alrspsed of 374 miles per hour. For a direct comparison
of the affectes of Mach number, the curves in figure 31 were
obtained for a Mach number of 0.3 with the same 1l1ft coefil-
clent of 0.1 and dynamic vpressure of 337 pounds per sequare
foot. Aleo included in figures 30 and 31 are the statlic al-
leron control characterilstics for the partlally sealed, nor-

mal-proflile alleron, computed by neglecting the rolliang veloa~
ity.

Tor emall deflectlions the efficlency (pd/2V produced
by & glvon stlck force) for the partially eealed normal-
profile aileron 1ncreased with Mach number in agreemeant with
the previous computatione from the alleron parameters. How-
ever, for alleron deflections greater thar 6°, (corresponding
to a stlck travel of 3.2 in.), the efflclency decreased as
the Mach number increased even though the static efiiclency
(neglecting the rolling velooity) increased with Mach number
(fige. 30 and 31). This occurred becgause the correction for
the rolling velocity, whilch generally increased the cfflclency
in roll, actually decreased the efficlency for alleron deflec-
tions greater than 6° at the higher Mach number (fig. 30).
Ap before, the increase in efficiency during roll was due to
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the negative value of (30n/da)s, as shown in the appendix.

‘However, tke decrease in afficlency during roll at the higher

Mach number was due to the variation of (30y/da)s, and
(aollaa)aa with angle of attack. These varlations at a Mach

number of 0.7 were such that the Ac resulting from aileron
deflections greater than 6° (pb/2v > 0.043) actually in-
creased the hinge moment and decreased the rolling noment.
(See fig. 29.) The valuc.of pb/2V attained for a given
allcron doflection (or stick travel) was less for the condi-
tion of stoeady roll than for the caso whore the rolling ve-
locity was neglected because of the variation of (30;7aa)aa

with angle of attack. Figures 30 and 31 show that the effect
of (301/8G)5a was much greater at the higher Mach number

and the larger alleron deflectlions. With the exception of
the lerge alleron deflections st high Mach numbers, the values
of (BGZ/Ba)sa wore relativoly small, so that during roll

tho chengo in officlency would be malnly due to (30L/30)g,.as
is assumed 1ln the appendix.

Flguree 30 and 31 show that the beveled alleron became
overbalanced during roll as the Mach number increased. In
addition, since the avallable rolling moments were less for
the beveled alleron (fig. 20), the maximum value of pb/3V
was much lcss thaen thet obtalned by the normal-profile aileron
and the stlick forces were greater for the higher values of
pb/2V. (See figs. 30 and 31.)

It 18 important to note that, although any change in
lift—-curve slovo would affect the damping-moment coefficlent,
the value of 0.50 was ueged for all the proecedlng computatlons
since the actual change in damping-moment coefficlent could
not be determlned. The lift-curve slope increased 44 percent
when the Mach nunber increased from 0.3 to 0.7 (fig. 27).
However, the lift-curve slope of the tip portion of the wing,
contalning the alleron, would be prodominant in determining
the damping-moment coefflclent and also, at high epeeds, the
lift-curve slope with the allerons deflected was 4ifferent
from thet with the allerons neutral., In addition, a Mach
number increase may lncreoase the damping-moment coefflclent
due to othor causes, such as an increased wing twist. (Seoe
flge. 33 to 35.) In view of the above roasons, no adjust-
ment of the damping-moment coefficlent was made for the
beveled allerons, which decreased the lift-curve slope 3.7
percent (fig. 7). The effect of a small decreass, say 10
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parcent, in the damping-moment coefficlent could be approxil-
nated by increasing the pb/3V by 10 percent for the given
stick force.

The gonoral indication from these tests was that (in
the ailoron characteristics) no sovero comprossibility effects
wvould be encountered until a Mach number of 0.725 was ex-
ceeded. TFigures 27 and 28 indicate that the first slight
effects of the compreseion shock may become notlceable when
the Mach number exceeds 0.7.

Pitching Moment Induced by Allerons

Tho pitching-moment incromont acting on ocach wing tip
would tond to twlet the wing so as to docrease tho rolling
momont, and tho epecd at whleh the rolling momeont accompany-
ing tho olastlc twist of the wlng nullifice the rolling
moment produced by the alleronse 1s defined as the alleron
reversal epeed. In order to provide data necessary to deter-
mine the effoct of Mach rumber upon the alleron roversal
epeed, the increments of piltcking-moment coefficlent produced
by aileron deflection were plotted (figs. 32 to 35). These
increments are based on the pitching moment taken adbout the
quarter polint of the mean merodynamic chord. Thoey 1lncreasod
rapldly with MHach number until they reached a maximum value
at a Mach nuaber of 0.725, and then they decreased abruptly.

Balance Pressures

Flgures 36 to 38 show the balance pressures under the
cover plates. The coefficient AP 1g a measure of the pres-—
sure difference acroses the balanco seal. It was measured at
tho chord line containing the wing pressuroe oriflces (fig. 1).
Figuros 36 and 37 show the variation of AP, at constant
Mach numbers, with ailleron angle for the partially scaled
normal~proflle alleron and for the beveled aileron, respec-
tively. DTigure 38 provides for comparlsons of the effects of
& shorter cover plate on the partially sealed normal-profile
alleron, of roughness at 0.10 wing chord on the partlally
sealed beveled alleron, and of an additional leakage area of
2 percent of the vent area in the seal of the partially
seeled beveled alleron. The partially sealed beveled aileron
(fig. 37) developed higher balance pressures than di1d the
partially sealed normal-profile aileron (fig. 36). However,
comparison oi flgures 36 and 38 shows that the balance
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pPressures became approximately the same when equal leakage

.area was pregent. in_both nose seals. With this additional

2~percent leakago area, the hinge momont of the beveled ail-
leron was incroasod approximately 10 porcont at a 15° alleron

deflection, but the rolling moment and yawing moment were
unaffeoctoed.

The spanwise variation of the pressure coefficlents act-

ing above and below the seal is shown in figures 39 and 40
for the partlally sealed normal-profile aileron and the par-
tially sealed beveled alleron, respectively. Because of the
large leakage area at the inboard end, the pressure differ-
ence was decreased over a considerable portlion of the nose
balance. Also, the velocities induced by the support strut
at the 1inboard end of the alleron probably contridbuted some-
thing toward this decrease. However, the data indicate that
the leakage at the inboard end had no appreciable effect on
the balance prossuros prosented in flgures 36 to 38, since

AP was moagurod at a position 0.45 of the alloron span from
the 1nboard end.

Pregssure Distributions

Flgnres 41 to 49 present the pressure dilstributions for
the partially sealed normal-profile alleron and tha nartially
sealed bevoled aileron for defluctions of 0%, 10°, and -10°
All of the curves for a Mach number of 0.3 or more are for
the angles of attack corresponding to a 1ift coefflclient of
0.1 for the wing alone (fig. 7 and table I). The values of
Secpy the pressure coefficlent for which the local volacliy
over tho wing 1s equal to the local veloclty of sound at the

corresponding free-stream Mach number deflned as Mor, are
elso shown.

Figures 50 and 51 provide for a direct comparison of the
pressure distributionse for alleron doflections of 0° anda 10°
respectively, at an angle of atteck correspondlng to a 1ift
coafficlont of 0.1. DFilgure 51 indicates that, due to the air
flow through the nose gap, there was conslderable separatlon
over the upper surface of the unsealed normal-proflle alloeron
with a 10° deflection. This pseparation reduced the section
11ft and the resulting rolling moment. However, with a 0°
alleron deflection, the pressure difference across the nose
gap was emall, and the flow through the gap was not suffl-
clent to cause appreclable separation (fig. 50).
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A critical Mach number (Hcr) of 0.67, corresponding
to the Bgr obtalnéd from the peak-pressure measurements

(figz. 41 and reference 4), was indicated for the wing at a
1ift coefficlent of 0.1. It is important to note that this
critical Mach number 1s-merely the speed that must be ex-
cecded in ordor to obtaln the conditions necessary for the
formation of a compression shock, DTPigure 11 shows that the
rolling-~-moment coefficient had not decreased even at a Mach
number of 0,726, indicating that the eritical Mach number
was exceeded by 8 percent before the compreselon shock seril-
ously affected the actlion of the aileron. The wling 1tself
was more lmmedlately affected eince the lift-curve slope de-

creased rapldly after a Hach number of 0.7 was exoceeded
(f1g. 27).

The pressure distribution indicates & compression shock
betweon 60- and 66-percent chord at a Mach numdber of 0.7.
Consequontly, -the abrupt change of the aserodynamic forces
and momcnte on the model, gonerally occurring at or beyond a
Mach number of 0.7236, would be expected.

OONCLUDING REMARKS

These tests have indicated that a further study of
hinge-moment coefficlents at high speeds 1s advisable, since
there was ovlidence that allerons closely balancod at low
specds might bocome overbalanced as the Mach number incroasod.
This was especlally true for the beveled allerone. The tests
showed that no serious adverese compreselbllity effects wero
encountered until the critical Mach number (0.67) was ex~
coeded by at least 8 percent.

Ames Aoronautical Laboratory,
Rational Advisory Oommittee for Aeronautiocs,
Moffott Fiold, Oallf,
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APPENDIX

Analysis of Alleron Hinge Moment during Response

If the rolling veloclty 1s asﬁumed constant and there
18 no sideslip or yawing,

Acy = 29 <ﬂ>= 0 (P_".
‘ a(?l%) av 6 AN
2"

However, thls expression will generally be & good approxima-
tion even with the sldeslip occurring with locked rudder at

a constant rolling velocity, provided that the value of

pb/2V 18 decreased by a theoretical allowance for the effect.
of sideslip. Consequently,

(;p_r;\.eu
2v / Cig

The magnitude of the change in angle of attack induced

by the rolling veloeity at distance yb/2 from the axis of
rotation 18

-1_ pb
= t n Gm———
[ Aa] an 'y o=

¥hen yb/3 418 & moan-wing-span lecation determined from the
load distribution (reference 3), them Ao may be used as
the mean change in angle of ettack for the entire wing. The
value of yb/3 18 determined by whether the effect of the
rolling veloclty on the rolling moment or the hinge moment
1s belng considoered, However, since the effect of the roll-
ing veloclty on the rolling moment 18 generally small, the
same value of yb/2 which is computed for the hinge-moment
correction may be used. Since the values of pb/2aV are
small,

rul = 57.3y 22 = s7.3y 251 o
A | ~ Oy v~ Oy 07 . egrees

P
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If 1t is assumed that the slleron rolling-moment coeffl-
cient varies-linearly, then for one alleron alone

c" 5<a-—--01 83
YR

since Ao 1l always small and ac;/aa)sa is also emall

except for large alleron deflesctions at high speeds. Then
for equal up~ and down-aileron deflections, the total rolling-
moment coefficiont available during roll 1s

C
=352 ), 1e?
8o/

Then

) | »

——=) |8

a

|Aa] = 67.3y 984 /g l
|
J

or

| Aa
5.1 "

(%2 (522,

If 1t 18 assumed that the alleron hinge-~moment coeifi-
client varies linearly, then during roll the resulting total
binge-moment ACy 1is

30 ac o0n
(32, +(32), - 00 (32,00

. (3%

Or, for equal up- and down~aileron deflections, the actual
total hinge-moment coefficient during roll 1s




NACA ACR No. 4I25 16
Ay = a@;‘-’-‘i\ 181 ~ a@—"%
Ga/a O A g

r-

30y,
1 - o (@_2.5- (5?;),,,(2 18a1)
L %82 /a

0)

| (—-‘ (“h |
1 - 3(57.3y) 8a /g (a°h> (2 [8g1)

wkere a and 8, are measured in degrees.

r—

Thig expression for the actual total hinge-moment coef-
ficlent shows the effect of each parameter upon the stlck
force occurring during roll (reference 5).

The actual rate of change of hinge-moment coefficlent
with equal up~ and down~aileron deflections could be written

R G [CORICOIEARCIN

which 18 equivalent to

G, G GO,

eince the value of (3Aa/38a)p dus to steady roll would be
given by
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B2) = (a2 G,

the negative slgn being correct, since an alleron deflectlon
of %8, 1s accompanied by an induced angle-of-attack change

of FAa at all ordipary conditions.

FYor the values given in table I, the expression for the
actual rate of change of hinge-moment coeffliecient during roll
wlth equal up- and down-alleron deflection becomes

CRICORICMCON

It 1e obvious that nogative values of (3Cy/aal)g, will be
favorable, elnce they will decrease the hinges momente. When

(30p/3a)s,. = 1 (ach/asa) the rosulting hinge moment
“ 118 (361/334),

during roll will be zero, and when (d4Cy/d8,);, 18 positive,
tho allorons will bo overbalanced in roil.

It 1 to be notod that generally tho parametors are
linear only for emall aileron deflections and Jlow anglcs
of attack. The parameter (3Cp/3a)y, sometimcs even changes

algebraic value with the small angle-of-attack variation (Aa)
induced by the rolling velocity. (See fig. 39 and reference
5.)
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TABLE I.- DATA FOR ¥ COMPUTATIONS

[a@ corresponéing to Of

glven on curves]

H 0.188-0.3 0.5 0.6 0.65
GGII=-O.1 "1'7 "1 07 "'1-8 "'1.5
GcL=0.1 '7 '5 '3 '3
agr=0.3 3.2 2.9 2.1 2.2
Wing loading

haximim stick travel

Maximum allercn deflection

Alleron differential

Stick travel (f%)/eileron deflection (rad)
3

Aileron span X (chordpmg)® = by T,

Stick force

a0,
Demping coefficient = C; = = 0.55

Angle change induced by roll = Aa

0.675 0.7
-1.5 -L.6
.3 1
2.0 1.8

0.725
-1 n9

0

1.7

0.75
~3.2

0

2.7

3.7 1o/t

=i.8 in,
- A15°

1:1
2.55 £t

5.60 £5°
2.20 gAGy 1b

b
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CHARACTERISTICS OF THE O.53/— SCALE
MODIFIED XP-60 WING
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Figure 3.~ Tapered wing model mounted in 16-foot wind tunnel.

Flgure 3.— View of aileron with cover pla.te'removed.
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